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0 improved detector for helium lealcs. 

@ 'The detector substantially comprises an Ion 
pump (1) and a sniffer probe made up by one or 
more capillary tubes of silica glass (10) closed at 
one end and connected to the ion pump at the 
opposed end. having an overall surface comprised 
between 0.1 and 10 cm^. A heater (12) heats the 
capillary tube to a temperature comprised between 
300 and 900 *C at which temperature silica glass is 
substantially pemneable to helium only. By canning 
out the detection under such conditions, an increase 
of the ion cunrent drawn by the pump is obtained, 
which is detected through a suitable device included 
in the detector control unit (2). The heater is slaved 
to a command device causing it to be turned off 
when the pump cunrent exceeds a predetermined 
threshold. 
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Improved detector for helium leate 



The present invention refers to an improved 
detector for helium leaks. 

Italian Patent No. 1 179 600 in the name of the 
same applicant discloses a helium detector based 
on the properties of certain materials to be per- 
meable to certain gases in a highly selective man- 
ner, so as to behave -under given circumstances- 
as a mass filter transparent in respect of one gas 
only, being almost completely opaque to the oth- 
ers. 

Among these materials, silica glass or quartz Is 
known for making up a selectively transparent filter 
-in respect of the atmospheric gases* to helium 
only. 

In the production of a detector for industrial use 
based on this principle, a number of difficulties are 
encountered and a number of problems have to be 
solved. 

As an example, it is necessary to find the most 
suitable geometry for the silica. membrane, and it is 
necessary to positively define the surface and 
thickness thereof since in the above patent a suit- 
able membrane to this aim is neither disclosed, nor 
suggestions are supplied for its manufacturing. 

Severe difficult'es are to t>e encountered diso 
in connecting the membrane inner chamber to the 
vacuum pump through a vacuum line. 

It is further necessary to modify the system 
which detects and quantifies the helium leak down- 
ward the membrane since a method based on a 
measurement of the membrane temperature Is not 
satisfactory. 

The object of the present invention is therefore 
to provide an improved detector for helium leaks, 
of the so-caJled "sniffer" type» based on the use of 
a silica glass membrane being selectively perme- 
able to helium only, with a relatively simple con- 
struction, high performances and safe and reliable 
operation. 

The above and otiier objects and advantages 
of the Invention which will become evident later in 
the tiie description, are achieved through an im- 
proved detector for helium leaks comprising an ion 
pump connected to a probe of a glass with high 
silica content and able to act as a mass filter 
substantially permeable to helium only, character- 
ized by tile fact that the said probe comprises at 
least one capillary tube of a glass with high silica 
content, closed at one end and directiy mounted on 
said ion pump, having an overall surface of ttie 
glass with high silica content comprised between 
0.1 and 10 cm^. which is substantially impemneable 
to helium at room temperature, and provided with 
heating means to maintain said tube at a tempera- 
ture comprised between 300 and SOO*C, and by 



the fact of further comprising a device for detecting 
small increments of the ion pump cunrent, and a 
command device for said heating means, acting In 
response to said detected cunrent in the Ion pump. 
5 A prefen-ed, exemplary and non limiting em- 
bodiment of the invention will now be described 
wtth reference to the attached drawings, in which: 

-Rg. 1 schematically shows tiie detector ac- 
cording to tile invention; 

70 -Rg. 2 schematically shows an enlarged de- 

tail of ttie detector of Rg. 1 ; 

-Rg. 3 schematically shows another embodi- 
ment of the invention; and 

-Rgs. 4, 5 and 6 are diagrams illustrating 

75 some operating features of the detector according 
to the invention. 

With reference to Rg.s 1 and 2, the helium 
leak detector according to tiie invention comprises 
a vacuum system made up by a small ionic pump 

20 1. a control and high voltage power supply unit 
generally marked with 2, and a probe 3 of tiie 
-sniffer" type. 

For tiie proper opartion of the detector ultra 
high vacuum conditions (UHV) are required, i.6. 

2S pressures not higher than 10"® mbarthat are* ob- 
tained tiirough an ion pump fed witii a 3 kV voltage 
and a 1500 gauss magnetic field. 

The suction inlet 5 of the ionic pump is sealin- 
gly closed by a flange 6 having a. hple 7 in cor- 

30 respondence of which a capillary tube 10 of a glass 
witii high silica content is mounted through a ultra 
high vacuum seal 9. the tulDe being opened at the 
bottom in direct connection with the pump 1, and 
closed at the top. In the present description with 

35 the expression *'glass with high silica content** is 
meant a glass formed by silica for at least 80%, 
such as a glass sold under trade name Pyrex by 
Coming Glass Works (81% SiOa) or trade mark 
Vycor (96% SiQ2), or preferably a glass formed by 

40 100%ofSiO2. 

The silica glass capillary tube 10 constitutes 
the membrane which is selectively penneable to 
helium only and not to the other gases in order to 
allow the passage towards the ton pump only of the . 

45 helium which is to be detected tiiere. 

Both the shape and the size of tiie tube 10 
proved tiiemselves to be critical for tiie working of 
the detector. Namely it has been found that its 
diameter must be no larger than 5 mm. and the 

50 wall thickness must be comprised between 1 and 
300 micron; tfierefore ttie tube is subsfantiaily a 
capillary tube. It .was further discovered tiiat tiie 
overall surface of the silica glass forming ttie selec- 
tive membrane must be comprised between 0,1 
and 10 cm^. whereas suriaces comprised between 
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0,5 and 2.5 cm^ are to be considered the best 
ones. Form larger surfaces one can use more 
capillary tubes 10a. 10b, 10c mounted in conre- 
spondence of as many holes 7a. 7b, 7c drilled in 
the flange 6 as seen in Rg. 3. 

The tube 10 is to be heated to a temperature 
between 300 and 900 *C at which it exhibits the 
desired properties of selective pemneability. A pre- 
ferred temperature for the tube is 750* C. 

The heating of tube 10 can take place by 
means of radiation from a suitable source, or more 
advantageously, by thennal conduction. In this lat- 
ter case the heating means can be a metal filament 
12 wound around the tube, e.g. a platinum filament, 
or a metal path deposited over the tube. In the 
embodiment providing for two or more tubes 10a, 
10b, 10c, a heater 12a 12b, 12c will be provided 
for each tube, all the heaters being connected 
together. In any case, the heating means is con- 
nected to a command device In the control unit 2 
of the detector. 

Around the tube 10 there is provided a protec- 
tion envelope 13 with an opening 15 for the gas 
inlet. In order to promote the helium flow around 
the tube 10, a sampling pump 16 can be con- 
nected to an opening 17 In the base of the protec- 
tion envelope 13, as shown in Rg. 2. The sampling 
pump 16 is actuated by a motor 18 and is coupled 
to opening 17 through a duct 19. Thanks to this 
forced suction system, the gas flow to the tube 10 
is promoted and consequenteiy helium detection is 
improved. 

When realizing the detector with the above 
illustrated features and maintaining the temperature 
of the silica glass capillary tube within tha above 
mentioned temperature range, in steady state and 
without helium leaks nearby, the rate of gas flow 
pumped by the ton pump is only due to the gas 
continuously desorbed by the components of the 
vacuum system, and to the passage through the 
probe of the helium usually present in the at- 
mosphere. This total flow is less than 10"' mbar x 
1/s and the corresponding Ionic current drain of the 
pump is less than 1 uA. 

When the detector probe approaches a helium 
leak, the number of molecules crossing the walls of 
the silica glass tube increases, and the same hap- 
pens to the ionic cun^ent of the pump. This cun^ent 
increase is detected and processed by an elec- 
tronic device which is part of the control unit 2 
described later. 

The indication of the helium presence Is there- 
fore obtained through the increase signal of the 
cunrent drawn by the ion pump. 

In presence of quite large helium leaks, to 
prevent a large amount of helium from passing 
through the probe, thus interfering with the succes- 
sive measurements, the heating means of the silica 



glass tube are slaved to a command device which 
disables them as soon as the cunrent drawn by the 
pump exceeds a predetemnined threshold, e.g. 
2uA. This cause a quick cooling of the tube 10 and 

5 a substantial decrease of its permeabiKty to helium. 
The amount of the helium leak is calculated 
from the derivative of the current signal detected at 
the pump, that is from the ratio between the current 
increase in respect of the threshold value, and the 

70 short time interval in which such increase takes 
place, as it is shown in the graphs of Rg.s 4, 5 and 
6. 

In each graph the ionic current drawn by the. 
pump is represented on the ordinate axis as a 

75 function of the detection time which is represented 
on tiie abscissa axis. In phantom line It Is further 
represented the variation of the helium partial pres- 
sure p(He) outside the probe, which is dependent 
on the leak amount 

20 In each graph a tiire^old cunrent value dis- 
enabling the heater, e.g. less than 2 uA, has been 
marked as I2. The value of the ionic cunrent which 
Is not usually exceeded when tiie probe is not near 
helium leaks is marked as h , such value being not 

25 greater than 1 uA. 

The situation shown In Rg. 4 is that of a small 
helium leak causing a small increase of the helium 
partial pressure outside tiie probe, and a small 
cunrent increase of the ion pump, represented by 

30 the value It which is lower ttian the tiireshold I2. In 
this particular situation the real current value li, 
where h < It < l2, is used as an indication of the 
leak amount The heater is maintained on since the 
current does not reach the value of the dls- 

3$ enabling threshold. 

Rg. 5 Illustrates tiie situation of a helium leak 
of such amount as to cause a current just greater 
tiian tiie tiireshold I2. The signal to be considered 
for determining tiie amount of the leak will be 

40 obtained from the ratio (l2-li)/(t2-ti). The command 
means for tiie heater, being part of the detector 
control unit, causes the heater to be turned off 
whenli=l2. 

In Rg. 6 it has been Illustrated a situation of 

45 large helium leak with a conrespondingly large cur- 
rent Increase In a very short time. In this case too, 
tiie leak amount is detennined from the ratio (I2-I1)- 
/(ta-ti) and tiie heater is tumed off when when the 
threshold I2 is exceeded. 

50 At any rate, the cunrent drawn by tiie pump is 
continuously read by a measuring circuit which is 
part of the control unit 2, in the retijnri path from tiie 
pump to tiie high voltage power supply. 

in the following it is disclosed an exampie of a 

55 measuring circuit able to detect and quantify a teak 
from tiie increase in tiie cunrent drawn by tiie ion 
pump, witii reference to Uie already explained sym- 
bols. 
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Voltage 1 is converted into a voltage value 
V=RI. e.g. by means of an electrometer. The volt- 
age V is continuously compared with two thresh- 
olds, the first one con-espondfng to a current value 
li (» luA), and the second one corresponding to a 
current value h (» 2uA). Two cases are possible: 
1st case. When the cun'ent exceeds h (time ti). 
the counter starts counting; if I2 is exceeded too, 
then the counter stops (time ta) and the time 
elapsed between ti and ta is read; from the ratio 
(b-li )/(t2-ti ) the leak is calculated and displayed as 
explained above. Then the counter is reset and is 
ready to accept a new measurement 

When the current exceeds I2 the circuit turns 
off the heater which will be turned on only when 
the cun'ent decreases below the threshold I1 . 

2nd case. If the current exceeds I1 , but within a 
given time, ag. 10 seconds, It does not reach the 
threshold la. the counter is reset anyway, the heat- 
er remains on and the current value Is used to 
quantify the helium leak. 

This method for determining the leak through 
the detection of the cun'ent signal is of great ad- 
vantage for its simplicity and effectiveness. More 
precisely the method is an improvement over the 
method based on temperature measurements as 
disclosed in the already mentioned patent, since It 
Is independent from the pumping rate of the ion 
pump. 



371 A2 6 



envelope (13) for said silica glass tube (10). pro- 
vided with openings (15) for gas inlet 

4. A detector as claimed in claims 1 and 3, 
characterized by the fact that it comprises a sam- 

s pling pump (16) connected for suction to the inner 
of said protection envelope (13) In order to promote 
the gas flow towards said silica glass tube (10). 

5. A detector as claimed in claim 1, character- 
ized by the fact that said silica glass tube has a 

70 diameter not larger than 5 mm and its wall has a 
thickness comprised between 1 and 100 micron. 



Claims 



1 . An improved detector for helium leaks com- 
prising an ion pump connected to a probe of a 35 
glass with high silica content and able to act as a 
mass filter substantially permeable to helium only, 
characterized by the fact that said probe comprises 

at least one capillary tube (10) of a glass with high 
silica content, closed at one end and directly 40 
mounted on said ton pump (1), having an overall 
surface of the glass with high silica content com- 
prised between 0.1 and 10 cm^, which Is substan- 
tially impermeable to helium at room temperature, 
and provided with heating means (12) to maintain 45 
said tube (10) at a temperature comprised between 
300 and 900 * C, and by the fact of further compris- 
ing a device for detecting small increnoents of the 
ion pump cunrent and a command device for said 
heating means, acting In response to said detected so 
current in the ion pump. 

2. A detector as claimed in claim 1, character- 
ized by the fact that said capillary tube (10) of a 
glass with high silica content is directely mounted 
with its open end, on the suction iniet (5) of the ion S5 
pump (1). 

3. A detector as claimed in claim 1. character- 
ized by the fact that it comprises a protection 
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0 Improved detector for helium leaks. 



0 The detector substantially comprises an ion 
pump (1) and a sniffer probe made up by one or 
more capillary tubes of silica glass (10) closed at 
one end and connected to the ion pump at the 
opposed end, having an overall surface comprised 
between 0.1 and 10 cm^. A heater (12) heats the 
capillary tube to a temperature comprised between 
300 and 900* C at which temperature silica glass is 
substantially permeable to helium only. By canying 
out the detection under such conditions, an increase 
of the Ion current drawn by the pump is obtained, 
which is detected through a suitable device included 
in the detector control unit (2), The heater is slaved 
to a command device causing it to be tumed off 
when the pump current exceeds a predetemiined 
threshold. 
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